The Tian Shan mountain system is one of the large mountain ranges located in Central Asia. This region is globally recognized as mountain ranges, offering inestimable wealth in fauna and flora with significant biodiversity values. We surveyed macrofungal diversity of Tian Shan in Kyrgyzstan from 2016 to 2018. A collection of macrofungi was made, and these were subjected to sequence comparisons and phylogenetic analysis to ensure the identity of the collected macrofungi. Of those collected, 95 out of 100 specimens were successfully sequenced and compared with those of other related species retrieved from GenBank. The sequenced specimens were classified into 2 phyla, 8 orders, 24 families, 47 genera, and 57 species, based on current taxonomic concepts (combining morphology and phylogeny). To the best of our knowledge, this study provides the first well-documented checklist and phylogenetic analysis of macrofungi recovered from the Tian Shan mountains in Kyrgyzstan.
Introduction
Central Asia (Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan) represents ecologically most diverse regions, including steppes, tugai, tagai, wetlands, and deserts, thus biodiversity value is very high. The Tian Shan mountain system, known as mountains of heaven, is one of the large mountain ranges located in Central Asia. The mountainous territory is situated on the joint area of three states: Uzbekistan, Kazakhstan, and Kyrgyz Republic. The Tian Shan is commonly subdivided into four geographic sub-regions, consisting of the West, Inner, Northern, and Central Tian Shan regions [1] . In Tian Shan, over 80% of the countryside comprises valleys and basins, and the climate varies from dry continental to polar, depending on elevation.
The Tian Shan mountain range is the starting point of the Sino-Japanese floristic region, which includes the Korean peninsula, and is a region with a strong relationship with the native vegetation, geographical distribution, and phylogenetics of the Korea. However, biodiversity is threatened by the damage of the breeding ground resulting from the climate change, pasturing, and development. In this regard, the Korea National Arboretum (KNA) conducted a joint survey of forest biodiversity core areas in order to secure resources and establish biodiversity as well as basic data through research in Korea and Central Asia. In this study, we surveyed macrofungal diversity in Tian Shan, Kyrgyzstan, from 2016 to 2018. This is the first paper ever published on the macrofungal diversity of Tian Shan area based on morphological observation and phylogenetic analysis.
Materials and methods

Macrofungi collection
During a field foray conducted from 2016 to 2018, the macrofungi were collected from the Inner Tian Shan in Kyrgyzstan (Figure 1 ). The specimens (n ¼ 95) are listed in Table 1 , with identification information including GenBank accession numbers and similarity (%). The accession numbers of reliable internal transcribed spacer (ITS) sequences made in this study are provided and taxa are listed in alphabetical order. The systematics of the taxa applied in this study is in accordance with Index Fungorum (http://www.indexfungorum.org). Dried specimens studies were deposited in the herbarium of Korea National Arboretum (KNA).
Phylogenetic analysis
For the phylogenetic analysis, genomic DNAs from specimens were extracted using the DNeasy Plant Mini DNA Extraction Kit (Qiagen Inc., Valencia, CA) according to the manufacturer's instruction. The ITS of rRNA regions were amplified with primers ITS5 and ITS4 as described [2] . The PCR amplicons were purified using a QIAquick purification kit (Qiagen Inc.) and directly sequenced using an ABI Prism TM 377 Automatic DNA Sequencer (Applied Biosystems, Foster City, CA) with a BigDye TM Cycle Sequencing Kit version 3.1 (Applied Biosystems). A Blastn search against the National Center for Biotechnology Information (NCBI) database (http://www.ncbi.nlm. nih.gov) was carried out, and the sequences were incorporated with those of the closely related species retrieved from public database (NCBI), which include Agaricomycetes, Sordariomycetes, and Pezizomycetes. The data set was then aligned using MAFFT version 7 (https://mafft.cbrc.jp/alignment/ server/) [3] . A phylogenetic tree was constructed using RAxML in the CIPRES Science Gateway (https://www.phylo.org). Entorrhiza aschersoniana (KM359776) was used as an outgroup species. The relative robustness of the individual branches was estimated by bootstrapping using 1000 replicates.
Morphological observation
A total of 95 specimens were subjected to the identification based on the macroscopic and microscopic characteristics (Table 1) . Dried materials mounted in distilled water, 5% KOH, 1% phloxine, Melzer's reagent and Congo red using a model of Olympus BX53 microscope and Jenoptik ProgRes C14 Plus Camera (Jenoptik Corporation, Jena, Germany). Microscopic parameters were measured using ProgRes Capture Pro software version 2.8.8. (Jenoptik Corporation).
Results
Molecular phylogenetic analysis
The PCR amplification and sequencing of ITS regions were successfully made for the specimens collected in this study. The resulting sequences were submitted to GenBank, and the accession numbers were assigned (Acc. Nos. MK351663-MK351757). In addition, the identity of the species collected, accession numbers, closest match, accession numbers, and similarity were provided (Table 1) . Although the similarity for some of the species identified is lower than 99%, when blasted against the NCBI database, the phylogenetic placement for the species was strongly supported with high bootstrap values (>90%), confirming its identity (e.g., Coprinellus radians, Cyathus hookery, Cystoderma arcticum, Galerina discreta, Inocybe geophylla, Oxyporus cuneatus, Phellinus nigricans, and Protostropharia ovalispora). However, the identity for 10 specimens, which include Scutellinia spp., Inocybe sp., Mycena sp., Gymnopilus sp., Porodaedalea sp., Trichaptum sp., and Hygrocybe sp., could not be ensured at the species level, since either no sequences from the NCBI database were available or no matches were achieved for the species when blasted against the NCBI database (Figure 2 ).
Macrofungal diversity
Based on our comprehensive phylogenetic and morphological analysis, the specimens were classified into 57 species, 47 genera, 24 families, and 8 orders in Ascomycota and Basidiomycota. Dominant species belonged to Polyporaceae (8 species), Agaricaceae (6 species), Hymenogastraceae, and Psathyrellaceae (4 species, respectively). Ten specimens could not be identified to the species level, due to insufficient information from the reference sequences and our specimens. Of those, it was confirmed as either saprophyte for 47 species or symbionts for 10 species (Figures 3-5 ). Some species identified are previously known from Kyrgyzstan; they are symbionts of trees and shrubs [4] [5] [6] [7] . Our morphological descriptions and molecular sequence analysis provide the first large-scale macrofungal diversity assessment for the Tian Shan regions. Most of the macrofungi collected are of ecologically and economically importance; further, via their mycorrhizal associations, they play a central role in maintaining the health of the forest ecosystem. [9] . Thus, this collection has larger and wider basidiospores than collections previously reported [9] . Here, we tentatively consider this collection to be Gymnopilus sp.; further sampling is required to verify this specimen (Figures 3-5 Basic nomenclatural data are cited according to Index Fungorum. Specimens used in the molecular phylogenetic study with GenBank accession numbers are given. [12] . Thus, additional specimens are needed to identify.macroslope of Kyrgyz range of the Tian Shan mountain. Although our macrofungal collections are different from those made by Prikhodko et al. [16] where Russula species were mostly collected, but no species of Russula were found in this study. The finding for two species, Bovista plumbea and Leccinum scabrum, is consistent with our study. The Ala-Archa national park is located in the Tian Shan mountains of Kyrgyzstan, which is approximately 130 km away from the Tian Shan regions that we surveyed. In this regard, the distribution pattern for macrofungi, depending on the altitude, climate conditions, vegetation of mountain area, and temperature, might be differed significantly, resulting in substantial difference in the macrofungal diversity.
Previous studies for the macrofungi in Kyrgyzstan were only based on the simple morphological identification, providing the brief checklists. This is contrast to the study where 57 macrofungal species were identified from the Tian Shan mountain ranges of Kyrgyzstan based on the morphological characteristics and ITS sequence analysis. Given the fact that the fungal biodiversity from the areas is understudied, new species with unusual features remain to be uncovered. Therefore, future taxonomic studies based on molecular analysis with current taxonomic concepts are needed to better understand fungal diversity from the areas and accurately assure the fungal identity.
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